Introduction
============

Glioma is the most common type of primary brain tumors.[@b1-dddt-9-3341] Gliomas are graded as I to IV based on the histological appearance by the World Health Organization.[@b2-dddt-9-3341] High-grade gliomas (HGGs) belong to grades III or IV, and the majority of the grade IV subtype is glioblastoma multiforme (GBM). GBM, with an approximate incidence of 10,000 cases in USA and 74,000 cases around the world every year, accounts for nearly 60% of primary brain tumors.[@b3-dddt-9-3341] The treatment of patients with malignant glioma, including surgery followed by radiotherapy and/or chemotherapy, has remained relatively unchanged for 30 years.

Gliadel^®^ wafer, a biodegradable polymer containing 3.85% carmustine (1,3-bis\[2-chloroethyl\]-1-nitrosourea \[BCNU\]), is implanted in the resection cavity, delivering carmustine directly at the time of surgery. These wafers could supply a controlled release of 7.7 mg BCNU for around 5 days.[@b4-dddt-9-3341] BCNU may alkylate the nucleoprotein and interfere with the DNA synthesis and repair, and the carbonylation of nucleoprotein lysine residues can also decrease RNA and protein synthesis.[@b5-dddt-9-3341]

Use of interstitial carmustine wafers is currently a topic of controversy among neurosurgeons. Westphal et al[@b6-dddt-9-3341] believed that local chemotherapy with carmustine wafers offers a survival benefit to patients with newly diagnosed GBM. Affronti et al[@b7-dddt-9-3341] also emphasized that the BCNU wafer therapy is well tolerated and has a survival benefit compared with radiation alone. However, De Bonis et al[@b8-dddt-9-3341] showed a different result that there was no significant improvement in the outcome by adding BCNU wafers to standard treatment. Moreover, they stated that the toxicity after Gliadel use was significantly higher, for patients with both newly diagnosed and recurrent glioblastoma. Currently, treatment with BCNU wafers has been excluded in some clinical trials of new chemotherapies because of the potential toxicities and lack of reliable survival statistics.[@b9-dddt-9-3341]

Efficacy and safety of implantation of BCNU wafers in the resection cavity had been demonstrated in randomized controlled trials (RCTs) in patients with both newly diagnosed and recurrent malignant gliomas.[@b6-dddt-9-3341],[@b10-dddt-9-3341],[@b11-dddt-9-3341] A meta-analysis including these three RCTs reported that the survival in patients with newly diagnosed HGG was significantly increased with BCNU wafers compared to treatment with placebo (hazard ratio \[HR\] =0.65, 95% confidence interval \[CI\] =0.48--0.86; *P*=0.003), but not in patients with recurrent disease (HR =0.83, 95% CI =0.62--1.10; *P*=0.2).[@b12-dddt-9-3341] RCTs are still too few, and fortunately, there are many cohort studies that are also meaningful. Therefore, what we want to know is whether the BCNU wafer treatment could prolong the survival in patients with newly diagnosed GBM, focused on RCTs and cohort studies/clinical trials. It might provide a powerful proof to help clinicians in making a decision regarding using BCNU wafers to treat newly diagnosed GBM.

Materials and methods
=====================

Publication search
------------------

We searched the PubMed and Web of Science databases, using the terms "(glioma OR glioblastoma multiforme OR malignant gliomas OR brain tumor OR brain cancer) AND (Gliadel wafers OR carmustine wafers OR BCNU wafers OR interstitial chemotherapy carmustine OR chemotherapy wafers)" for the period between January 1990 and March 2015. No language limitation was imposed in this study. The citations of identified articles were also filtered for additional studies. Original searches were conducted independently by two reviewers.

Inclusion criteria
------------------

Studies meeting all the following inclusion criteria were considered eligible: 1) an RCT or cohort study; 2) the comparison of treatment modes with and without carmustine wafers should be designed; 3) the overall survival (OS) or HR or survival curves should be reported in the study; 4) the study quality should be high enough.

Assessment of methodological quality
------------------------------------

RCTs that got a score of 3.0 to 5.0 using the Jadad scale (ranging from 0 to 5), were considered to be of high quality.[@b13-dddt-9-3341] The Newcastle--Ottawa scale (NOS) was used to assess the quality of the included cohort studies.[@b14-dddt-9-3341] Studies assessed by NOS (score range from 0 to 9\*) as having scores of 6\* or more were deemed to be of relatively higher quality.

Data collection
---------------

The essential information was extracted carefully and independently from each included study by two authors: the first author's name, year of publication, country of research, age range of participants, number of participants (with/without carmustine wafers), study design, median survival, HR of OS, and adverse events (AEs). The study authors were contacted if missing data were required in this article. Any disagreement was resolved by discussion.

Statistical analysis
--------------------

Pooled HRs and 95% CIs, forest plot, heterogeneity, publication bias, sensitivity analysis, and statistical association were analyzed using the STATA software version 12.0 (STATA Corporation, College Station, TX, USA).[@b15-dddt-9-3341]

The HR was used as the measure of association among studies. We attempted to abstract the data required to estimate them from the survival curves if the HR and 95% CI were not presented.[@b16-dddt-9-3341] Two subgroups were assigned when pooling the HRs by the design of study. In addition, the overall association among all the studies was studied using the forest plot. Heterogeneity between studies in subgroups and the overall heterogeneity for all studies included were evaluated by Cochran's Q statistic. The heterogeneity was considered to be significant when *P*\<0.05.[@b17-dddt-9-3341] The *I*^2^ test with results ranging from 0% to 100% (*I*^2^\>50%, high heterogeneity; *I*^2^=25%--50%, medium heterogeneity; *I*^2^\<25%, low heterogeneity) was used to better estimate the extent of heterogeneity.[@b18-dddt-9-3341] The random-effects model was used to pool HRs in this meta-analysis.

Sensitivity analysis was performed to show the influence of individual data sets on the pooled HRs by omitting one study at a time. Egger and Begg tests were also applied to assess the publication bias.[@b19-dddt-9-3341],[@b20-dddt-9-3341]

Results
=======

Results of the search
---------------------

A flow chart of the steps in choosing the included studies is shown in [Figure 1](#f1-dddt-9-3341){ref-type="fig"}. The search strategy identified 291 relevant articles screened in the PubMed and Web of Science databases. We excluded 256 unrelated themes and had 35 articles for detailed evaluation. Ten reviews were excluded from further analyses.[@b12-dddt-9-3341],[@b21-dddt-9-3341]--[@b29-dddt-9-3341] Nineteen of the remaining 25 studies were excluded after reading the full texts. Thirteen of them were excluded because the data on comparison between groups with and without carmustine wafers in the studies were not valid or because there was no comparison in them.[@b30-dddt-9-3341]--[@b42-dddt-9-3341] Because of the treatment bias, the survival comparison was not the aim of another study.[@b43-dddt-9-3341] Two articles[@b44-dddt-9-3341],[@b45-dddt-9-3341] used the same experimental data from the study by Westphal et al.[@b6-dddt-9-3341] One study did not present the survival data and we could not contact the author using the email provided in his article.[@b46-dddt-9-3341] The study focusing on recurrent GBM was also excluded.[@b47-dddt-9-3341] Finally, seven studies were included in our research.[@b6-dddt-9-3341]--[@b8-dddt-9-3341],[@b10-dddt-9-3341],[@b48-dddt-9-3341]--[@b50-dddt-9-3341] Because the same RCT study by Westphal et al[@b6-dddt-9-3341],[@b50-dddt-9-3341] was reported in both 2003 and 2006, we included the latest follow-up study for further analysis. Thus, a total of six studies were included in this meta-analysis.[@b7-dddt-9-3341],[@b8-dddt-9-3341],[@b10-dddt-9-3341],[@b48-dddt-9-3341]--[@b50-dddt-9-3341]

Included studies
----------------

The characteristics and statistical information of the six included studies are described in [Tables 1](#t1-dddt-9-3341){ref-type="table"} and [2](#t2-dddt-9-3341){ref-type="table"}. Two RCTs and four cohort studies enrolling a total number of 513 patients (223 with and 290 without BCNU wafers) matched the selection criteria. Studies were researched in Italy, France, the USA, Finland, Norway, and Germany ([Table 1](#t1-dddt-9-3341){ref-type="table"}).

In one of the two RCTs, Westphal et al[@b6-dddt-9-3341],[@b50-dddt-9-3341] showed a long-term follow-up of the same trial they conducted earlier. Median survival in patients treated with BCNU wafers and in placebo-treated patients was 13.8 months and 11.6 months (*P*=0.08), respectively. Similar results of median survival from two other studies are shown in [Table 2](#t2-dddt-9-3341){ref-type="table"}.

The numbers of newly diagnosed GBM patients were 27 and 207, and the age ranged from 21 years to 72 years in the two RCTs. The effect size outcomes of the subgroup of newly diagnosed GBM shown by Westphal et al[@b50-dddt-9-3341] were (HR =0.78, 95% CI =0.58--1.05) and by Valtonen et al[@b10-dddt-9-3341] were (HR =0.27, 95% CI =0.10--0.71). The other four were all cohort studies having a main OS comparison of treatment with or without carmustine wafers. One of the four cohort studies showed only old people (age \>65 years) with GBM.[@b49-dddt-9-3341] The other three studies had an age range from 16 years to 82 years. Results of effect size of the cohort studies were as follows: Noel et al[@b48-dddt-9-3341]: HR =0.72, 95% CI =0.29--1.79 (estimated from the survival curve); De Bonis et al[@b8-dddt-9-3341]: HR =0.40, 95% CI =0.10--1.20; Chaichana et al[@b49-dddt-9-3341]: HR =0.55, 95% CI =0.38--0.79 (estimated from the survival curve); and Affronti et al[@b7-dddt-9-3341]: HR =0.75, 95% CI =0.46--1.73 ([Table 2](#t2-dddt-9-3341){ref-type="table"}). The outcomes of assessment of methodological quality using NOS and Jadad scale are also shown in [Table 1](#t1-dddt-9-3341){ref-type="table"}. Maximum follow-up duration of all the studies was 24 months.

Stratifying analysis
--------------------

[Figure 2](#f2-dddt-9-3341){ref-type="fig"} presents the forest plots of comparison between treatments with and without carmustine wafers in newly diagnosed GBM. The overall HR was 0.63 (95% CI =0.49--0.81; *P*=0.019), with low heterogeneity (*I*^2^=18.7%).

Stratifying by study design, the HR of all incorporated studies was 0.51 (95% CI =0.18--1.41; *P*=0.426), with high heterogeneity (*I*^2^=75.7%) for the RCTs, whereas in the cohort studies, the combined HR was 0.59 (95% CI =0.44--0.79; *P*\<0.0001), with low heterogeneity (*I*^2^=0.0%) ([Figure 2](#f2-dddt-9-3341){ref-type="fig"}).

Sensitivity analysis and publication bias
-----------------------------------------

In the sensitivity analysis, we evaluated the influence of each study on the overall results by omitting one single study at a time. No significant relation was found when omitting Westphal et al[@b50-dddt-9-3341] and Valtonen et al[@b10-dddt-9-3341] from the studies shown in [Figure 3](#f3-dddt-9-3341){ref-type="fig"}. The combined HRs were 0.554 (95% CI =0.418--0.734) for Westphal et al[@b6-dddt-9-3341] and 0.678 (95% CI =0.550--0.835) for Valtonen et al.[@b10-dddt-9-3341]

The results of Begg (*P*=0.260) and Egger (*P*=0.255) tests showed no significant bias. Moreover, we also found no obvious asymmetry from the Egger test ([Figure 4](#f4-dddt-9-3341){ref-type="fig"}), indicating that no evidence of publication bias was discovered.

Adverse events
--------------

Four of the six included studies reported AEs. The AE rates that Valtonen et al[@b10-dddt-9-3341] presented for BCNU and placebo wafers were 75% (12/16 \[events/total\]) and 55% (6/11), respectively (nonsignificant). Westphal et al[@b6-dddt-9-3341],[@b50-dddt-9-3341] showed the AEs for Gliadel vs placebo as follows: brain edema (23/101 vs 19/106); seizure (33/101 vs 38/106); healing abnormality (16/101 vs 12/106); infection (5/101 vs 6/106); thrombosis (18/101 vs 17/106); and intracranial hypertension (9/101 vs 2/106). Intracranial hypertension was the only statistically significant complication (*P*=0.019).[@b6-dddt-9-3341],[@b50-dddt-9-3341] In the study by Affronti et al[@b7-dddt-9-3341] complications (BCNU vs no BCNU) including infection (4/36 vs 4/49) and thrombosis (4/36 vs 3/49) were shown. However, De Bonis et al[@b8-dddt-9-3341] listed statistically significant AEs (HR =3.0, 95% CI =1.1--7.4; *P*=0.019) and implantation site-related AEs (HR =5.6, 95% CI =2.0--16.0; *P*=0.001), which emphasized that toxicity with the use of Gliadel for patients with GBM was higher.

Discussion
==========

GBM is one of the most malignant tumors in human beings. The standard treatment, surgery followed by radiotherapy and temozolomide (Stupp protocol), has been around for several years.[@b51-dddt-9-3341] However, the survival duration has not increased that much despite striving all the time. Treatment with BCNU wafers along with other adjuvant treatments, being a novel way to raise the OS, has been accepted by neurosurgeons only in recent years. A newly published meta-analysis showed that median survival was only 16 months, and that 1-year and 2-year OS values were 67% and 26%, respectively, in newly diagnosed HGG patients treated with carmustine wafers.[@b27-dddt-9-3341]

In our study, the risk of death was decreased 37% in the newly diagnosed GBM patients treated with BCNU wafers. When pooling all the six studies, including RCTs and cohort studies, there was a low heterogeneity (*I*^2^=18.7%) and significant advantage (*P*=0.019). This illustrates the important role of carmustine wafers in the treatment of newly diagnosed GBM.

Considering the high heterogeneity (*I*^2^=75.7%) of the two RCTs and combining together of cohorts, we chose a more conservative random-effects model. In the first subgroup studies, results of the two RCTs presented no statistically significant survival benefit (HR =0.51, 95% CI =0.18--1.41; *P*=0.426), with high heterogeneity (*I*^2^=75.7%) when pooling the HRs. The total number of patients in the studies of Westphal et al[@b50-dddt-9-3341] and Valtonen et al[@b10-dddt-9-3341] were 207 and 27, respectively, which might cause the high heterogeneity. High heterogeneity might also result from the treatment design, characteristics of different patients, and techniques of neurosurgeons. In the cohort studies, we found a 41% significant risk reduction in the carmustine group (*P*\<0.0001) with low heterogeneity (*I*^2^=0.0%), strongly indicating the survival benefit of treatment with carmustine wafers.

The efficacy of BCNU wafers has been emphasized in a cohort study involving 90 old GBM patients with 44 months of follow-up. Chaichana et al[@b49-dddt-9-3341] found an obvious advantage of BCNU (HR =0.55, 95% CI =0.38--0.79; *P*=0.007). The median survival for patients treated with versus those without carmustine wafers was 8.7 months vs 5.5 months (*P*=0.007); moreover, there was a significant survival benefit in the subgroups of patients aged 70 years and 75 years.[@b49-dddt-9-3341] Though other included cohort studies showed no statistically significant prolonged survival, they presented a slight advantage in terms of OS in patients treated with carmustine wafers.[@b7-dddt-9-3341],[@b8-dddt-9-3341],[@b48-dddt-9-3341] Considering the slower rate of occurrence of tumor regrowth in the carmustine wafer group, Hammoud et al[@b52-dddt-9-3341] carried out a study on the appearance of tumors on computed tomography and magnetic resonance imaging. A 2011 research in Italy also had faith in the treatment with carmustine wafers.[@b53-dddt-9-3341]

Total tumor resection is also an important part of improving the progression-free survival and the OS time. Fluorescence-guided surgery is an effective way to help in maximal tumor resection.[@b54-dddt-9-3341]

Interestingly, we found different approaches to reports of AEs from our research. In addition, other researchers also performed the same studies. A meta-analysis based on 19 researches did not suggest using carmustine wafers in GBM patients because of the high complication rate (42.7%).[@b21-dddt-9-3341] However, Salvati et al[@b53-dddt-9-3341] argued that carmustine wafers appeared to be safe and feasible. Some AEs including healing abnormalities, cerebral edema, cerebrospinal fluid leaks, and intracranial infection were the most commonly reported in many studies. In some ways, good techniques should be practiced and emphasized, which might reduce the risk of the common AEs.

The cost of the treatment for patients was always an important consideration. A review of economic evaluation of BCNU wafers concluded that there was no significant advantage for patients with HGG.[@b55-dddt-9-3341] An extra 6,600 pounds need to be added for the treatment with BCNU wafers per patient. In spite of this, we appeal that the government should provide more funds to help people struggling with this misfortune.

Limitations of our study were as follows. First, there were not enough eligible studies for a meta-analysis, and the number of patients in several included studies was also too few.[@b10-dddt-9-3341],[@b48-dddt-9-3341] Second, we failed to assess the sex difference in prognosis of newly diagnosed GBM treatment. Regrettably, only Affronti et al[@b7-dddt-9-3341] showed a HR of 1.06 (*P*=0.65) in males, among all our included studies. Moreover, a recent study stressed that GBM incidence seems to be male prevalent and this sex difference is tumor subtype dependent, which might also affect the OS rates.[@b56-dddt-9-3341] Third, some data were estimated from the survival curves when the HRs and 95% CIs were not presented. Thus, extractor bias may emerge in our study. Fourth, we just focused on the effectiveness of carmustine wafers, while the AEs and complications were not analyzed sufficiently. It might exaggerate Gliadel wafers' benefits. Finally, our results might be influenced by the potential publication bias although the Egger plots showed no proof of publication bias. Considering the above limitations, we should cautiously interpret our results.

In conclusion, we suggest that carmustine-impregnated wafers play a significant role in improving survival when used in patients with newly diagnosed GBM. In addition, more studies, especially RCTs, should be designed for studying the new diagnosed GBM in the future.

The authors received no funding for this study.

**Disclosure**

The authors report no conflicts of interest in this work.

![Flow chart of the studies chosen for this analysis.](dddt-9-3341Fig1){#f1-dddt-9-3341}

![Forest plot of comparison between treatments with and without carmustine wafers in newly diagnosed GBM.\
**Note:** Weights are from random-effects analysis.\
**Abbreviations:** CI, confidence interval; GBM, glioblastoma multiforme; HR, hazard ratio.](dddt-9-3341Fig2){#f2-dddt-9-3341}

![Sensitivity analyses of included studies.\
**Abbreviation:** CI, confidence interval.](dddt-9-3341Fig3){#f3-dddt-9-3341}

![Egger's funnel plot for detecting publication bias.](dddt-9-3341Fig4){#f4-dddt-9-3341}

###### 

Characteristics of included studies

  Study                               Country of research   Study design   Age (years)   Number of participants (with/without carmustine)   Maximum follow-up (months)   Quality of studies
  ----------------------------------- --------------------- -------------- ------------- -------------------------------------------------- ---------------------------- -----------------------------------------------------
  De Bonis et al[@b8-dddt-9-3341]     Italy                 Cohort         35--76        10/58                                              24                           NOS (8[\*](#tfn1-dddt-9-3341){ref-type="table-fn"})
  Noel et al[@b48-dddt-9-3341]        France                Cohort         16--82        20/16                                              24                           NOS (7[\*](#tfn1-dddt-9-3341){ref-type="table-fn"})
  Chaichana et al[@b49-dddt-9-3341]   USA                   Cohort         \>65          45/45                                              44                           NOS (8[\*](#tfn1-dddt-9-3341){ref-type="table-fn"})
  Affronti et al[@b7-dddt-9-3341]     USA                   Cohort         24--76        36/49                                              39                           NOS (8[\*](#tfn1-dddt-9-3341){ref-type="table-fn"})
  Westphal et al[@b50-dddt-9-3341]    Germany               RCT            21--72        101/106                                            39                           Jadad (3)
  Valtonen et al[@b10-dddt-9-3341]    Finland, Norway       RCT            36--67        11/16                                              24                           Jadad (3)

**Notes:**

NOS scores; Cohort, cohort study; Jadad, Jadad scale.

**Abbreviations:** NOS, Newcastle--Ottawa scale; RCT, randomized controlled trial.

###### 

Statistical information of included studies

  Study                               Median survival (months)   Overall survival                                                                                                                     
  ----------------------------------- -------------------------- ------------------ ------- ------------------------------------------------- ------------------------------------------------------- -------
  De Bonis et al[@b8-dddt-9-3341]     NR                         NR                 NR      0.4                                               0.1--1.2                                                0.15
  Noel et al[@b48-dddt-9-3341]        NR                         NR                 NR      0.72[a](#tfn3-dddt-9-3341){ref-type="table-fn"}   0.29--1.79[a](#tfn3-dddt-9-3341){ref-type="table-fn"}   NR
  Chaichana et al[@b49-dddt-9-3341]   8.7                        5.5                0.007   0.55[a](#tfn3-dddt-9-3341){ref-type="table-fn"}   0.38--0.79[a](#tfn3-dddt-9-3341){ref-type="table-fn"}   NR
  Affronti et al[@b7-dddt-9-3341]     NR                         NR                 NR      0.75                                              0.46--1.73                                              0.252
  Westphal et al[@b50-dddt-9-3341]    13.8                       11.6               0.08    0.78                                              0.58--1.05                                              0.10
  Valtonen et al[@b10-dddt-9-3341]    12.4                       9.3                0.008   0.27                                              0.10--0.71                                              0.008

**Notes:**

The data were estimated from the survival curve. The overall survival's HR, 95% CI, and *P*-value were calculated from the comparison of treatment with and without carmustine wafers.

**Abbreviations:** BCNU, 1,3-bis\[2-chloroethyl\]-1-nitrosourea or carmustine wafers; CI, confidence interval; HR, hazard ratio; NR, not reported; *P*, *P*-value.
